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Leader
Studies

w
ith

the
Los

A
lam

os
Sferic

A
rray

M
JH

eavner,D
A

Sm
ith,A

R
Jacobson

LA
U

R
-01-4198

A
bstract

The
Los

A
lam

os
Sferic

A
rray

records
the

transientelectricalactivity
associated

w
ith

lightning
discharges

betw
een

1
-

500
kH

z.
The

m
ulti-station

array
has

been
operated

since
1998,routinely

geolocating
lightning

based
on

the
differential

tim
es

of
arrival

at
the

stations.
The

fast
electric

field
change

records
are

predom
inantly

8
m

s
record

lengths
but

are
occasionally

collected
w

ith
longer

record
lengths

(up
to

1
s)

to
provide

overalllightning
discharge

context
(including

leader
activity).

The
stations

are
operated

in
a

threshold-triggered
m

ode
and

predom
inantly

trigger
on

initialreturn
stroke

activity.
H

ow
ever,individualstations

m
ay

include
leader

radiation
in

the
record

or
m

ay
even

trigger
on

leader
activity.The

large
num

ber
(�

2,000,000)oflightning
events

recorded
provide

a
database

for
statistically

significantstudies
ofleader

w
aveform

param
eters.W

e
presentinitialresults

ofstudies
ofthe

leader
activity

in
the

sferic
array

database.

For
a

sm
allnum

ber
ofleader

events,the
FO

R
TE

satellite
recorded

V
H

F
em

issions
from

individualleaders
steps.

The
FO

R
TE

observations
allow

ed
source

altitude
determ

ination
for

m
ultiple

steps
and

therefore
verticalpropaga-

tion
velocity

determ
ination.

O
ne

type
of

leader
provides

large
am

plitude
signatures

in
both

the
LF/V

LF
of

the
sferic

array
and

the
V

H
F

of
FO

R
TE.For

this
class

of
event,a

velocity
of�� �

m
/s

has
been

determ
ined.

This
speed

is
approxim

ately
an

order
of

m
agnitude

greater
velocity

than
the

typicalstepped-leader
associated

w
ith

an
intial

return
stroke.

LF/V
LF

&
V

H
F

Lightning
FastStepped

Leaders
The

July
11,2000

16:20:39.615019
U

T
event

is
pre-

sented
below

.
FO

R
TE’s

100
M

H
z

receiver
trig-

gered
tw

ice
during

the
8

m
s

LA
SA

record,
col-

lecting
tw

o
546

� s
records.

Panel
a

is
the

8
m

s
K

ennedy
Space

C
enter

(K
C

)
w

aveform
overlaid

w
ith

the
tw

o
546

� s
FO

R
TE

R
F

records.
(scaled

by
2.5

x

����

).
The

sferic
array

located
the

event

	

200
km

east
of

the
Florida

coast,
309

km
from

the
K

C
station.

Panel
b

is
an

expanded
view

of
the

546

� s
plot

of
FO

R
TE

pow
er

associated
w

ith
the

leader
activity.

Three
pulse

pairs
are

identi-
fied.

Based
on

the
delay

betw
een

the
direct

and
reflected

pulses,
the

source
heights

are
5.3

km
,

5.0
km

,and
4.3

km
as

indicated.For
tim

e
delays

of
166.4

� s
and

119.3

� s
betw

een
the

pairs
of

pulses,
verticalvelocities

of1.7
x

���


m
/s

and
5.4

x

���


m
/s

are
determ

ined.
For

the
285.7

� s
duration

across
all

three
pulse

pairs,the
average

vertical
velocity

is
3.2

x

���


m
/s.

W
e

have
identified

a
total

of
four

intense/fast
leader

events
for

w
hich

heights
and

velocities
m

ay
be

deter-
m

ined.
These

leaders
associated

w
ith

initalreturn
strokes

have
average

verti-
calvelocity

2.1
x

10 


m
/s,w

ith
a

range
in

velocities
of

0.88
-

5.4
x

10 


m
/s.

The
leader

step
altitudes

are
betw

een
4.0-5.5

km
.

The
m

ultiple-step
veloc-

ity
determ

ination
is

consistentw
ith

the
velocity

required
for

the
leader

prop-
agation

from
the

initial
height

to
the

ground
in

the
tim

e
betw

een
the

initial
leader

and
the

return
stroke.

O
ne

im
-

portant
issue

regarding
these

observa-
tions

is
w

hether
the

observed
leader

is
from

an
initial

or
subsequent

return
stroke

(to
understand

if
the

leader
is

a
stepped

leaderordartleader),based
on

evidence
discussed

by
[1],

the
events

are
initialreturn

strokes.

H

Source

h

Ionosphere

G
round

FC
M

r

FO
R

T
E

G
iven

satellite
and

2-D
source

posi-
tions,

the
relative

delay
provides

the
source

altitude
[2].
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A
negative

cloud
to

ground
(-C

G
)

lightning
flash

often
has

m
ultiple

strokes.
Panel

A
[4]

illustrates
the

typical
tim

ing
of

the
processes

of
a

m
ulti-stroke

-C
G

.A
typical

stepped
leader

has
velocity

�
����

m
/s)

w
hile

dart
lead-

ers
have

velocity

�
����

m
/s).

Predom
inantly,LA

SA
[3]

collected
8

m
s

ofthreshold
triggered

data,so
the

stepped
leader

20
m

s
before

the
return

stroke
is

not
observed.

PanelC
presents

a
8

m
s

LA
SA

record
w

ith
leader

(w
hich

is
extra-ordinary

because
of

the
fast/intense

stepped
leader).

A
longer

(�

250
m

s)
LA

SA
record,presented

in
panelB,has

good
agreem

entw
ith

the
tim

e
line

presented
in

PanelA
.
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The
routine

identifica-
tion

of
LA

SA
records

w
ith

leader
signature

is
nearing

com
pletion.

O
nly

stations
w

ithin
50-

350
km

to
the

event
are

considered.
The

m
ethod

used
is

w
avelet

analy-
sis

using
a

C
oiflet

basis
function.

A
specific

scal-
ing

w
hich

em
phasizes

the
leader,

w
hile

retain-
ing

the
return

stroke
and

attenuating
m

ost
local

noise
sources

is
used.

If
the

leader
to

return
stroke

relative
am

plitude
is

�
���

for
any

station,
then

station
pairs

are
cross-correlated.

If
the

cross-correlation
is

�
��

then
the

event
is

deter-
m

ined
to

have
leader

signature
w

ithin
the

record.

C
onclusions

The
electric

field
w

aveform
s

recorded
by

the
Los

A
lam

os
Sferic

A
rray

are
dom

inated
by

return
stroke

signatures.
H

ow
ever,intense/faststep

leader
activity

is
observed

in
m

any
records.

C
om

bined
w

ith
FO

R
TE

observations
heights

of
4-5.5

km
and

velocities
of

10 �

m
/s

are
determ

ined
for

these
intense/fast

step
leader

events.
LA

SA
is

occasionally
operated

w
ith

longer
records

lengths
(80

m
s

and
1

sec)
for

short
periods

of
tim

e.
O

ne
of

these
long

records
has

been
presented

and
agrees

w
ith

the
traditionalview

of
electricalactivity

associated
w

ith
a

m
ultiple-stroke

-C
G

.LA
SA

has
recorded

m
illions

of
lightning

electric
field

change
w

aveform
s,w

hich
include

severaldifferent
types

of
leader

signa-
tures.W

e
are

finalizing
the

autom
atic

recognition
ofleader

activity.
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